Intangible assets are increasingly considered the ultimate roots of company's success. This paper aims to propose a method to estimate the value embedded in R&D activities, which could be used for: (i) a una tantum evaluation of a firm's value, related to specific actions such as mergers, acquisition, etc.; and (ii) a periodic evaluation, with the perspective of the economic reporting, focused to estimate the R&D shareholder value creation. The proposed framework is based on the assumption that there is a strong relationship between the R&D contribution to shareholder value and the operational performance of R&D activities. The paper describes such a framework as well as an empirical application.
INTRODUCTION
Intangible assets are increasingly considered the ultimate roots of company's success. Several streams of literature have studied the role of intangible assets in the company's strategy, management and organisation. Among the others, the literature on competence-based (Hamel and Prahalad, 1994; Hamel and Heene, 1994; Sanchez, Heene and Thomas, 1996) and resource-based competition (Mahoney and Pandian, 1992; Wernefelt, 1984; Montgomery, 1995) , and the contributions from the evolutionary theory (Nelson and Winter, 1982; Dosi and Teece, 1993; Winter, 1995) . Intangible assets are widely recognised as a key contribution to the value creation. On the other hand, the evaluation of such contribution presents a lot of difficulties (Parr, 1991; Robb, 1991; Nonaka, 1995; Tipping et al., 1995) . In terms of value creation, a distinction is needed about the objective of the evaluation, which can be twofold: -una tantum evaluation of a firm's value, related to specific actions such as mergers, acquisition, etc.; -periodic evaluation, with the perspective of the economic reporting, focused to estimate the shareholder value creation.
Especially the case of periodic evaluation stimulates to search for criteria, standardised to some extent and thus more easily replicable over time.
A way to achieve such objective is to link the value creation to the measurement of performance. This is particularly true when the object to measure is characterised by uncertainty and volatility. The value is more easily measured when the object to measure can be transacted on the market. In the other cases, a way is to measure the performance of the activities which are behind the creation of the object to measure (Lorino, 1995) . This is the typical case of technology. Therefore, the evaluation of the value of technology will be linked to a set of indicators of performance of the activities related to the development and exploitation of technology. This paper aims to propose a method to estimate the value of technology. The paper is articulated in four sections: the first reviews major contributions in the area of performance measurement of the technological activities, section two discusses the link between performance measures and value creation, section three develops the method and applies the method to a case study. Section four discusses some conclusions and proposes some topics for future research.
PERFORMANCE MEASUREMENT OF TECHNOLOGICAL ACTIVITIES

LITERATURE REVIEW
Measuring R&D performance has always posed many problems. This can be related to the nature of the R&D activity: first, the degree of uncertainty of an R&D activity is very high; second, once completed the R&D output is itself often highly fuzzy and not definable and, thus, not measurable; finally, the ultimate result of R&D activity can be viewed after years, once an innovation has been brought to the market, but, at this time, the outcome is the result of the efforts of both the R&D unit and the other company functions. For these reasons, R&D has always been treated as an expense centre and R&D planning has been the result of a negotiation between R&D and corporate on the amount of resources to allocate in R&D.
Contributions to our understanding of how to measure R&D performance have been given by work which have taken different angles of view.
A first criterion to classify the approaches used in R&D measurement concerns the unit of analysis: some contributions have focused on the evaluation of individual R&D projects and others on the performance of the whole R&D function.
As far as individual R&D projects are concerned, the evaluation of the impact on the economics of the firm can be conducted using three major categories of techniques: -discounted cash flow (DCF) techniques (Net Present Value, Profitability Index) -option-based techniques -non-financial techniques (including profile methods, checklists and scoring methods). These techniques can be used ex-ante for R&D project selection, but also in-process and after project termination. Actually, project evaluation is a continuous process. What changes over time is the quality of the information upon which the evaluation is made. In other words, the same procedure can be used, at the beginning, to select projects, then, to control projects in progress (with possibility of termination at any time), finally, to measure the value of a project at the end. An example of non-financial method is that suggested by Twiss (1986) whose checklist includes the following variables:
• corporate objectives, strategy, policies and values (criteria measuring the compatibility and consistency of a project with company's strategy and long range plan);
• marketing criteria (including profitability, customer satisfaction, timing, commercial success)
• research and development criteria (consistency with R&D strategy, technical success, development cost and time)
• financial criteria (R&D costs, downstream investments, cash flow profile) • production criteria (manufacturing cost) • environmental and ecological criteria.
The main problem with financial techniques is that the nature of R&D projects makes the applicability very difficult because of the difficulty to estimate the effects of the project in financial terms. The main problem with non-financial techniques is that a number of qualitative measures are used. Another criticism has been that this profile does not reflect differences in the importance of the various items (a weight to be associated to each item can be introduced to solve this problem).
The systems suggested to measure the performance of the R&D function strongly vary. We here review major types and then specific contributions will be mentioned and commented in later sections where the model proposed is described. Traditionally, performance measures of the R&D function have more frequently been related to R&D input than output. This lies on the belief that there should be a positive relationship between amount of resources allocated to R&D and R&D output and therefore, the higher R&D expenses, the more effective output. There is strong evidence that this is not true in a number of cases. Companies well known for their innovative capabilities often spend a lot lesser than less effective competitors. More complex approaches of the same kind look at the breadth and the depth of the firm's R&D skills and/or to the R&D organisation as input variables which could provide explanations for superior performance.
Moreover, there are a series of works focusing on quantitative measures of the impact of R&D on business performance. They are usually based on measures of profitability or market share and implicitly lie on the assumption that a there is a relationship between R&D success and market share or profitability. They show two major deficiencies: they can not eliminate the effect of other factors and they treat profitability at a given point in time as the only measure of business performance. These approaches usually have the limit that they do not identify the piece of contribution to the corporation's performance under control of the R&D department. Foster et al. (1985) attempted to go beyond proposing a framework that breaks down the contribution of technology to the corporation's success and identify those that are most dependent on the performance of the R&D function. R&D return (defined as the ratio of profits to R&D investment) is viewed as the result of two major factors: R&D productivity, that is the ratio of technical progress to R&D investment, and R&D yield, that is the ratio of profits to technical progress. Although it is a valuable attempt to identify quantitative measures of R&D performance, how to measure the above variables remains highly fuzzy. Moreover, some metrics are associated with the performance of the whole firm or of different functions. Therefore, the problem of identifying the R&D contribution to these results is still there. This approach can be used to measure both the individual R&D project and the whole R&D function performance. Szakonyi (1995) identifies the basic activities of an R&D department and provides a checklist to compare the performance of an R&D department against an average R&D department. The activities identified are: selecting R&D projects, planning and managing projects, generating new product ideas, maintaining quality of R&D process/methods, motivating technical people, establishing cross-disciplinary teams, coordinating R&D and marketing, transferring technology to manufacturing, fostering collaboration, between R&D and finance, linking R&D to business.
His method is based on benchmarking approach, i.e. comparing the practices adopted in the R&D department against best practices. A variety of other measurement systems have been developed based on such approach. Chiesa et al. (1996) developed a framework to benchmark or self-assess the firm's technical innovation capability proposing a method which includes both performance measures and process measures against best practice of a number sub-processes identified as key for success in innovation (generating new product ideas, product development, production process innovation, technology acquisition, leadership, use of systems and tools in support of innovation, funding mechanism). A process based view of R&D is also taken by Schumann et al. (1995) who apply the quality concept to R&D and provide a number of measures in relation to six areas: people, process, output, internal customer, external customer and society. The former three are the variables under control of R&D managers, the latter three identify the consequences and the impact of the R&D work. Tipping et al. (1995) attempts to link each other the different approaches proposing a 'technology value pyramid' which addresses five managerial categories to evaluate the goodness of the R&D department: value creation (effects in terms of profitability, growth, positioning, shareholder value), portfolio assessment (the extent to which the portfolio of activities is balanced against time horizon, risk, etc.), integration with business (the ability to exploit technology across the organisation, the degree of integration of R&D with the other departments), asset value of technology (breadth and depth of know-how and skills), practice of R&D processes to support innovation (efficiency and effectiveness of the R&D processes).
From this literature review it can be argued that performance measurement systems of R&D department can be classified against a number of dimensions:
• internal vs. external measurement, i.e. whether to involve external comparison or not;
• quantitative vs. qualitative measures;
• input vs. process vs. output measures, whether to focus on input variables, on how the R&D process is conducted, on the output of the R&D activity;
• objective vs. subjective measures.
Our work intends to provide a system which is based on internal, quantitative and objective measures and aims to include both measures of the process and of the output of the R&D department. Finally, it aims to provide a system which relates the performance to the driving variables controlled by R&D managers. [Wheelwright-Clark 1992] . According to this definition, R&D activities can be summarised in two main phases, which differently contribute to the company growth and shareholder value creation process. These two phases can be identified as: 1. the generation, i.e. all those R&D activities whose output is mainly the technological progress, both incremental and radically original; 2. the transition, i.e. all those R&D activities whose aim is to transfer the knowledge on the products or on the manufacturing processes [Baglieri, 1997] . The two phases lead to different outputs. Actually, the former produces mainly a "potentiality" which can take place and show its value through the latter. The way the two phases of R&D activities contributes to company innovation processes can be represented by the relation between the well known "S-curve" of the technological progress and what we call the "Step-curve", representing the transition of the technology onto the product or the production process.
THE FRAMEWORK FOR R&D PERFORMANCE MEASUREMENT R&D activities can be described as creation of the know-how and know-why of new materials and technologies that eventually translate into commercial development
The transfer of technology onto the product/process combinations is neither always simultaneous nor complete. In some cases such a transfer never takes place; in other cases the companies sell off the know-how they developed, which could be hence transferred to the market by the buyer. Figure 1 . shows such a discontinuity. The product/process does not constantly embody the "generation" results: the "transition" takes place only under certain conditions and at specific times, ideally at the tangency points between the two curves. There are several reasons for this "mismatching" (in time and space) between the generation of know-how and its transition to business. For example, the company may decide, from a strategic viewpoint, that: 1. the new technology is too innovative and "ahead" in respect to the customers' perceptions; 2. the innovation related to the transition does not fit with the current business goals; 3. the "transition costs" are not sustainable or paid off nor by the new product neither by the impact on manufacturing costs. Of course, the shareholder value increases (and the capital market translates it in higher stock performance) only if "transition" takes place successfully (i.e. at minimum costs, in short time, with deep impact on customers and market share). As R&D is the organisational unit in charge of the technological dimension of innovation, it has to: Technological Progress Investments/Time progress limit Transition 1. ensure that the accumulation of know-how and technical expertise take place, consistently with the long run objectives of the company (as to say, "to build and store" the potential value); 2. be able to timely transfer such know-how and expertise, as soon as the conditions for the innovation process to take place (i.e. to "transform" the potential value in shareholder value). The measure of R&D performance should allow an integrated evaluation of the expected performance, as well as a separate assessment of the performance of the two critical phases of R&D, namely the generation and the transition of the technology. According to this goal, the measurement system should be articulated along two main dimensions [Baglieri, 1997] : 1. the former is the "domain" of the measurement, distinguishing between the above two main phases of the innovation process (metrics for "generation" should be different from those for "transition", as a consequence of the different goals of these two phases of the overall innovation process) and the "diffusion", those activities in charge of the commercial release and the launch of the new product on the market; 2. the latter is the "object" of the measurement, distinguishing between "output", "process" and "input". This second dimension is suggested by the importance of monitoring both the results (tangible and intangible) of the two phases (as a measure of the competitiveness of the R&D activities), the way the two phases contribute to the value creation (as a measure of their consistency to business goals) and, finally, the human, financial and technical resources used to start any process. Crossing the two dimensions of the measurement system, we can obtain the framework outlined in Figure 2 , wherein are described the features of the metrics each company should consider for any single box of the matrix. Given the focus of this work and the objective to effectively monitor the contribution of the technical departments to the shareholder value creation, we think that it is suitable to consider only the four block of our matrix matching Generation+Transition with Output+Process. Actually, as mentioned above, measuring the input of each phase has a weak relation with the quality of both the output and processes themselves; on the other hand, the measurement of the performance of the "diffusion" phase means to control the efficiency and the effectiveness of the marketing departments. According to this approach, a system for performance measurement related to R&D activities should jointly monitor:
♦ the capacity to continuously and efficiently achieve results consistently with the objectives of both the company and the single projects;
♦ the "stock" of technical-scientific knowledge generated by the above processes;
♦ the "service level" provided to the company in terms of knowledge availability;
♦ the contribution of innovation to the business success and, in a few words, the shareholder value really created and transferred to the capital market.
FROM PERFORMANCE MEASUREMENT PERSPECTIVE TO VALUE APPRAISAL PERSPECTIVE
As we mentioned before, the aim of the paper is not only to provide a framework for the evaluation of R&D from a non-financial perspective, but also to define a general frame which should allow an objective appraisal of R&D value creation, i.e. of the specific contribution to value creation linked to the processes of technological innovation. In section 2 the framework for R&D performance measurement has been defined. The next step is to bridge the gap between the R&D performance measurement and the evaluation of R&D value creation. Section 3.1 will analyse the evaluation problem; section 3.2 will clarify the logical steps from R&D performance measurement to the evaluation of R&D value creation.
THE R&D VALUE CREATION
In terms of value, the technical knowledge embedded in the R&D department, both in the generation and in the transition phase, should be split in two main components: 1. the value of the Knowledge on the shelf (Kos); 2. the value of the Knowledge in progress (Kip): The former ( Kos) consists of all the scientific and technical knowledge that can be counted (Robb, 1991) , as it lays on paper or digital documentation. It sounds clear that the value of this knowledge lies upon the relevant feature that this "tangibility" provide to the knowledge, i.e. that can be transferred from a "seller" (owning the know-how") to a "buyer" (willing to get it and valuing it on the base of the perceived benefits). The latter ( Kip), in turn, consists of two components: (i) the overall knowledge embedded within projects 'in progress' and (ii) the knowledge fed by the competencies and expertise the R&D people make use of running R&D projects. This latter component, i.e. this growing up know how, is an individual property and consists of the intellectual capital of the human resources. As a consequence, it is neither easy to appraise nor to transfer (except by transferring people). From the operational viewpoint, by the way, these competencies show their value as they allow the researchers to be effective (getting the foreseen technical goal) and efficient (saving money and time and reducing errors and modifications) [Baglieri, 2000] . In other words, such competencies increase the value of the projects 'in progress', since they allow to bring them in a rather efficient and effective way. With reference to figure 2, it can be argued that the Kos represents the output of the R&D activity (both in the generation and in the transition phase) and the Kip represents the knowledge that is in progress or semi-finished during the innovation process (both in the generation and in the transition phase). Therefore, the value of the R&D activities consists of the value of both the above kinds of knowledge: W R&S = W Kos + W Kip.
To capture the overall R&D value creation it is necessary to evaluate the contribution of both components. Many different methodologies and techniques can be used to this aim, either financial or not, well known both in the practice (Beale, 1993) and literature (Smith, 1988; Desmoond e Kelly, 1988) . The most common methodologies usually applied for intangible technological assets evaluation can be synthesised as follows (Smith e Parr, 1989) -cost of loss; -real options Different methodologies are usually suggested for specific components of the overall R&D value, most of all consisting of intangible assets, on the basis of the information and data available. With reference to the framework described in figure 2 , and, more precisely, to the distinction between the generation and transition phase of the innovation process, it can be argued that:
-the cost based approach and the market methods based on benchmarking are more suitable at the early stages of research process, i.e. the generation phase, when the probability of technical success is quite low and the distance from the market makes the estimation highly risky. In this phase, information about future financial flows related to research activities is highly uncertain and, as a consequence, data available do not allow to use other methodologies; -the adoption of financial methods, of techniques based on contribution to profitability, cost of loss and real options sound more suitable and effective for R&D activities in the transition phase, when the expected market response is clearer, the probability of technical success is high, and the estimation of financial flows is less uncertain. Let us consider, for instance, a portfolio of R&D projects and activities at different stages of their life cycle, each of them characterised by different uncertainty degrees and probability of success. In our perspective, to capture the contribution of these R&D activities to the value creation, an integrated evaluation approach is suitable and consistent, in which a mix of different methodologies is adopted for the mix of knowledge (in the generation and in the transition phase) embedded in the R&D department. This means that, according to the specific 'part' of the R&D activity considered, a specific set of indicators and information are used and a definite methodology is adopted for the evaluation process. According to Figure 2 , (which clarifies the performance indicators to be used for the two components of the R&D value, i.e. output or Kos, and process or Kip) and to Table 1 , (which identifies the most adequate evaluation methodologies to be adopted in the generation and transition phase of the innovation process), the overall framework for the evaluation of R&D value creation can be described as in Table 2 : Then, the global R&D value creation will be given by the sum of the different value components, evaluated with different methodologies and performance indicators.
TOWARDS VALUE APPRAISAL
The frame proposed to explain the logical steps from R&D performance measurement to the evaluation of R&D value creation is shown in figure 3 . The value of R&D, as the sum of the value of the Kos and Kip, is influenced by three basic dimensions:
• the incremental cash flows (intensity) related to R&D activities, emerging during the evaluation period;
• the duration of such cash flows (time), that is related to some relevant characteristics of the observed sector (industry specific) and of the barriers level, built up to defend the competitive advantage (firm specific);
• the risk and uncertainty associated to the cash flows.
Such three dimensions, in turn, are fundamentally influenced by the " knowledge attributes", that are viewed like the basic elements qualifying the technical knowledge. They are some specific characteristics like the originality and innovativeness of knowhow, its defendability against the competitor attacks, its appropriability and transferability; its potentiality and the scope of future applications. The ability of the R&D function to improve the knowledge attributes above, fundamentally depends on the R&D "operational conditions", i.e. on the level of efficiency and effectiveness in conducting R&D activities. More in detail, the efficiency in the use of resources devoted to knowledge development, the effectiveness in the generation and transition processes, the effectiveness of barriers built up against competitors, the variety and width of the potential applications of the generated knowledge, determine the level of knowledge attributes. The operational conditions of the R&D department can be evaluated through several "indicators", or specific ratios and indexes representing specific performances provided by the subystems and subprocesses of the unit observed. For example, the efficiency in the use of resources can be evaluated using productivity indicators (like patents/research employees); the barriers effectiveness can be measured in terms of the extension of the related legal rigth and/or the technological excellence; the effectiveness of generation and transition processes, as we mentioned, can be related to the ability in managing the new product and process development, measured by the time to market; and so on. The inputs used to build up such indicators are financial and physical measures, that, usually, can be easily collected within the R&D department, such as, for example, the number of patents, the project costs-time-quality, the number of project potential applications etc.
To sum up, the logical frame in figure 3 leads from the measurement of physical and financial indicators to the appraisal of the R&D value, clarifying whether and how R&D performance impacts on R&D value creation. This is critical to point into evidence the relevant performance to be monitored, i.e. how the indicators impact on the value creation. A further step in research could be to deeply study the linkages between the framework in figure 3 and the one in table 2, i.e. to clearly understand how the logical steps described in figure 3 can be translated into monetary terms, in order to understand, in monetary terms, the impact of different performance indicators on the R&D value.
The application described in section 4 will better clarify the operational use of the overall framework. 
THE ONGOING FIELD TEST
To make the proposed approach concrete, we involved an industrial company in our research project, asking them to "translate" their previous metrics into our framework and to work with on a pragmatic methodology to concretely measure the R&D performance in contribution to value. This firm X is owned by a global company operating in the power and related business. Its main products are industrial pressure transmitter 1 .
Their R&D function runs every year about 30 projects, spending about 8% of the firm's annual turnover on R&D. At the group level, there is a wide and diffused awareness of the importance of connecting any decision and practices to the shareholder value. This firm, whose effort in R&D is particularly crucial to its business growth, is therefore looking for any simple tool to effectively assess and -most of all -communicate within the group the value of their R&D activities. The R&D project management in Company X is briefly described in Box 1.
The first step of the implementation of the model was the identification of the main measures for R&D performance. According to the above mentioned two-dimensional approach, they identified the following measures:
1 The company that decided to join our research is currently participating to a larger research project within Bocconi University on valuation of intangible assets.
The R&D projects they usually run can be classified in three main categories, that we decide to call: strategic research projects: no more than two projects every year, amounting to 20% of the R&D annual budget, aiming at long term results and long term impact on business. Their outputs are sometimes patents, but more frequently only internal documentation or "knowledge" on technologies and solutions;
innovation projects: about 10 projects, amounting to 35% of the R&D annual budget, strictly oriented to achieve significant innovation on products or production process. They usually start from a request from the market or the marketing department; their outputs are measurable in terms of operating return, market share, cost reduction; evolutionary projects: the majority of the total R&D projects. They aim at modification or marginal innovation. They start from a request from marketing department or from engineering change orders, issued by the manufacturing departments. Each project is managed according to an internal procedure that splits the project life cycle in four main phases, from the idea definition to the final release of the output.
Box. 1: The R&D project management in Company X 1. Generation process 1.1. Project length (deviation from the standard length for each kind of project); 1.2. Transfer time (how long does a new technology usually take to be transferred to products or production processes?). This is considered as a measure of the quality of the technology plans. 1.3. Drop out rate (how many projects usually finish before they achieve their technical goal?) This is considered a measure of the quality of the selection and management processes.
Generation output
2.1. Number of patents 2.2. Availability of internal documentation, files, historical data (generated by each project) 2.3. Visibility (articles, publications, invitation to conferences). In the next step, we decided to focus the link of metrics to value on a restricted number of metrics. To reduce the complexity of handling such a number of metrics, we built up a simple double entry matrix. We asked to R&D people of the firm to rate the crosseffects amongst the metrics. We adopted a scale from 0 (no cross-effect) to 10 (max cross effect between two metrics, so that controlling the former who will get a strong impact also onto the latter). At the end of this survey, we extract some clusters of metrics and inside them we choose the 5 metrics that, according to the rating of both R&D people and company management hold the most reciprocal effects.
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The third step of this field test consisted in crossing the R&D performance measurement with the three main dimensions of the value created by any single project, that are the estimated cash flows, the risk rate and the duration of the cash flows. The field test allowed to make some remarks about the connections among metrics and shareholder value consists of the following aspects:
♦ as far as the generation phase, the metrics related to its output (box no. 2 the framework) allow to identify the R&D results that can be transferred, as a consequence of their formal tangibility. In terms of valuation, the simplest way could be to appraise the value of the total Kos through the estimation of its reproduction costs, of course depreciated by the time. This value is, at evidence, the minimum value for the company, that is expecting to create additional value through the adoption of the knowledge in its innovation process. Therefore, it could be worhty to compare the estimation of Kos value as "re-production cost" with the "cost of loss", assessing the ceasing benefits if the knowledge would drop. If a difference emerges, positive or negative, in our opinion this is a measure of the value of the intangible assets on the shelf; ♦ in the transition phase, given the reduced uncertainty and the closeness to the market, the output can consist of a prototype of new product (or components) or technical solution related to the manufacturing process. The value of "countable" knowledge on the shelf, in this case, could be more easily translated in impact on price, market share, sales volume, turnover, costs, profit margin, commercial risk/benefits, life cycle of the new product and so on. In a few words, the value of Kos at the transition phase can be translated in cash flows, risk and duration and valued by the net present value approach or similar; ♦ finally, the performance of the ongoing R&D projects impact on the value of the projects themselves. As they represent "knowledge in progress", they are also "value in progress". If they concern the transition phase their value is, first of all, given by the expected net present value of each project, discounted -if necessaryby both the technical and commercial probability of success. Otherwise, if projects concern the generation phase they are valued with the appropriate criteria mentioned above. In the day by day practice, also in our test-company, the valuation of the projects takes place particularly in the first stage of the life cycle of the R&D projects and concerns their selection. Actually, during the life cycle of the projects, better/worse performance can be read both as higher/lower risk (as a consequence of the impact on the degree of uncertainty of cash flows), as increasing or decreasing cash flows and as longer/shorter duration of the cash flow. Given these correlation among the expected value of the project and the ongoing performance on the R&D activities, we can affirm that the value of the knowledge in progress (Kip) consists of two main factors, being the former the basic expected value of each R&D project in different stage of their life cycle and the latter the measured (and translated into incremental/decremental value) impact of R&D performance on the expected value.
According to this model of R&D value, the total contribution of R&D to the shareholder value can be calculated as follows: In such a sense, the value of the R&D department consists of two main factors, being: a. the former, the value of the stock of knowledge, consisting of both the value of the Kos (depreciated) and the additional value that the R&D projects are producing adding Kos to the shelf. Notice that this second component of the value of the Kos derives from the better/worse R&D performance related to the "output"; b. the latter, the value of the "flow" of the ongoing projects, consisting of both the expected value of the Kip and the incremental or decremental value created by the R&D practices and organisation, that can be assessed translating in terms of cash flows, duration and risk the performance at the "process" level.
Given the confidentiality of the data, at the time being, we can highlight the implementation of the model on our sample company only as represented by the figure  4 , that sums up the overall approach as theoretically described by figure 3. As you can see, each metrics is correlated to both a specific operational conditions of the innovation process and to related attributes of the knowledge. These attributes qualify the nature and the features of the knowledge and allow to distinguish the basic expected value of both Kos and Kip from the incremental or decremental value affected by the performance in terms of output and process during the two phase of the innovation process involving R&D. 
CONCLUSION AND RESEARCH SUGGESTIONS
The paper has proposed a framework for evaluating the R&D value creation. Such a framework is based on the assumption that there is a strong relationship between the R&D contribution to shareholder value creation and the operational performance of R&D activities. As a consequence, performance indicators represent the basis for the evaluation. Obviously, R&D performance indicators are not generally applicable, but are to be defined according to the specific company and/or to the specific sector of activity. This means that, within the general set of indicators proposed in this paper, each company has to identify the most adequate measures to be used as the basis for the evaluation of R&D value creation. The relationship between R&D performance indicators and R&D value creation is not direct or immediate: as shown in figure 3 , several logical steps should be (explicitly or implicitly) followed to bridge the gap between the two. The operationalisation of such steps, that is being applied in the field test described in section 4, could be further studied in future research, in order to define a sort of 'procedure of evaluation', useful for whatever R&D function in whatever company. A lot of work is still to be done; however, this paper allows to put in evidence some key points which could be followed.
The starting point in the evaluation methodology proposed is to recognise that the value of R&D is given by two components, the value of knowledge on the shelf (Kos) and of knowledge in progress (Kip). (ii) Both Kos and Kip can concern the generation phase of the R&D activity or the transition phase, i.e. can be related to R&D activities which are more or less far from the market. As a consequence, the evaluation of these components requires a different methodology and lies upon a different set of performance indicators (a synthesis is in table 2). (iii)
Globally, as shown in the field test, the framework allows to determine, in monetary terms, the value of the overall R&D activities. In this sense, the framework can be used for either una tantum or periodic evaluation. In the latter case, in particular, the evaluation should support the process of resource allocation by R&D managers; in other words, it should give indications which help take decisions. The distinction between 'stock' knowledge and 'flow' knowledge gives some help to this end. In fact, the value of R&D is partially related to the content of the R&D output and partially to the R&D process. Whereas knowledge on the shelf (Kos) has a value only if there is a market value and, therefore, if the content is recognised as having a market value, knowledge in progress (Kip) has a value which is partially related to the content of the activities and partially to how things are done within the project. The performance impact, defined in the field test, identifies the latter contribution to value generation. It is related to the level of organisational and managerial competencies embedded in people operating in R&D. A positive value of the performance impact indicates that R&D employees are able to add value to a project and this is a source of competitive advantage. However, this does not say anything on the value embedded in the 'content' of the projects carried out in the R&D activities, which represents the other fundamental source of competitive advantage. Also the periodic measure of the value of Kos can help draw some conclusions on the goodness of the organisation and management. The comparison of similar projects at different times help identify good practices to replicate in future activities. Further research could be aimed to go in depth in this direction, i.e. to improve the framework in order to help managers understand where new resources should be allocated in order to improve and sustain the company's competitive advantage. (iv)
Further work is also needed to go in depth on the relation between performance measures and value creation.
